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1.0 INTRODUCTION

DYLOFLEX consists of nine standalone programs that were developed in accordance with
the requirements defined in reference |. This document presents supplemental system
design information pertaining to the DYLOFLEX program system. An engincering descrip-
tion of the DYLOFLEX system is found in volume I (ref. 2) of this document. Documenta-
tion for each DYLOFLEX program consists of two volumes: a user’s guide and a supple-
mental system design and maintenance document. The user’s guide for each program
provides an engincering description, describes the input data required (cards and magnetic
files). resources to be used (central processor seconds, print lines, etc.), and the job control
cards needed to drive the program’s execution. All user’s guides are referenced in volume 1
The supplemeittal system design and maintenance documents for
cach program (sce refs.) contain information concerning program structure and design;
overlay purpose and description: input. output. and internal data base descriptions: and test
cases. These volumies were written to aid those persons who will maintain and/or modify
the programs in the future.

of this document (ref. 2.

The information presented in this document explains the method of executing DYLOFLEX
as a program syvstem, the structure of magnetic files used to link the separate programs.
and the various routines contained in the DYLOFLEX program library.



2.0 EXECUTION OF THE DYLOFLEX PROGRAM SYSTEM

When running an analysis through the DYLOFLEX system, the user may elect to run one
module at a time, submitting a separate deck for each program after checking previous
results. Once the system’s operation is well understood, the user may then elect torun a
series of modules driven by a single deck of job control cards. Figure 1 shows the control
cards which might be used to execute both EOM(L217) and LOADS(L218) in a single
run.

The magnetic files (tape or disk) provide the link tying the programs into a system. The
files connecting the DYLOFLEX modules are displayed in figure 2. Note that default file
names are listed. The names may be changed via card input data. Normally, during a pro-
gram’s execution the magnetic files will be in the form of disk files. Standard job control
cards will be used to copy input data from tape to disk before executing the program, and
output data to be saved will be copied from disk to tape after executing the program. This
procedure provides a checkpoint/restart capability between each of the DYLOFLEX sys-
tem’s modules.



JOB CARP.
ACCOUNT CARD.,

-

» RETRIEVE THE PROGRA® L217(EOM) ANG CUPY IT TO
. THE ABSOLUTE OVERLAY FILE L217.

L]

REQUEST (MASTER«F=LaLS=KL s VSNZLEXXXX)

REWINDCMASTER)

SKIPF(MASTER)

COPYBF(MASTERL217)

RETURN(MASTER)

*

» RETRIEVE THE INPUT MAGNETIC FILES RLCQUIRED FOR
N L217CEOM). ALL HAD BEEN PREVIOUSLY WRITTEN ONTO
» THE SAME TAPE 4 &6YYYY, THE AERODYNAMIC DATA

N IS ASSU®ED T2 BE FRGM L216(DUBFLX).

-

REQUFST(EOMIAT oF=T oL B=KL 4VSN=6YYYY)

REWEINDCEOMDAT)

COPYBF (EOMDAT »SSTIFF)

COPYBF (ENNDATGMASS)

COPYBF(EOMDAT¢NGETR)

COPYBF(ESMDAT4NAETP)

COPYBF(EGMUAT4SATAP)

RETURN(COMDAT)

*

* EXECCUTZ L217(F0M)

-

RFLC120G0C)

L217.

L

- SAVI THE STANNARD L&17(EOM GUTFUT FILE

»

REQUFSTUISL2]174F=T4LR=XL)LAVE
REWINDCSLZI7«EQMTAR ECML LM

COPYRF(EGMTAR 4SL217)

COPYBF(EOMLI "M gSL217)

RETURKNCSL217)

RETURNCE"MTAF)

-

- RITRIEVL ThT PROGRAT LZ1-(LCADS) AND COP'Y IT TOC
- THE AASLUTY QVEWLAY FILY L2l=.

-

REQUEFST(YASTER T =Ty LF =KL 4 VSNZHFUWWW)

REWINGCMASTIR)

SKIPF(MASTER)

COPYPF(*ASTZ~4L21%)

RETURINCMAST IR

*

RITRTEV: ADDITIONAL INPUT MAGNETIC FILRS REQUIRED BY
L21L¢LORNS) .

L21+4L2ALS) WwILL UST T+E SAME INTERFOLATION DATA FILESSATAP,
AND &CAT FROM ENLOV.

LI Y

.
REGUEST(LRADLT gF =Ty LASKL oVSN=2€.722)
REWIADC(LNALATAY

COPYPF(LUADAT 4MASSTP)

RETURNCLOANAT)

L]

* EXECUTI L2155 (LNARS)

-

RFLC1E4GCL0)

L21A.

L

. SAVE TH-. STANDARD LZ1E(LOATS) CUTPUT FILSS FROM &
. V3VT RU''.

»*
REGUEST(SLZ21c9F=14L.83=KL)SAVE
REJIMDESL21%)
REWINDC(LTAF)
CIPYBF(LTAP¢SL21%)
RETURN(SL21%3)
EXIT, . L.
Figure 1.—Job Stacking in DYLOFLEX



External Generation of Structura! Data

}
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\1‘ A
GSTIFF GMASS MASSTP
INTERP O
rlfi MQTAP
.
A \‘
SATAP
FLEXSTAB DUBLAT
SDSSTP GDTAPE : NGETP NAETP
A y y v ¢ A
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Figure 2.—Magnetic File Communication in DYLOFLEX



3.0 MAGNETIC FILE FORMAT

Almost all of the files connecting the DYLOFLEX programs are in the READTP/WRTETP
format described in section 3.1. The exceptions are:

GDTAPE

SDSSTP

NAETP

The files generated by FLEXSTAB are described in reference 1 1. volume

2,

appendix A.

The aerodynamic data file generated by DUBFLX (L216) is also in the

READTP/WRTETP format except for the records defining the matrices
[F] and [D]-quasi-inverse.

Section 3.2 describes how the user may take any magnetic file readable by a FORTRAN
program and convert it to the READTP/WRTETP format required by the DYLOFLEX
programs. Section 3.3 describes how to reverse the process.

3.1 READTP/WRTETP FORMAT

The READTP/WRTETP format was designed to ease handling of matrix data. However, any
variables in a FORTRAN program may be written/read onto/from a magnetic file as long as
they are stored in adjacent core locations.

Each READTP/WRTETP matrix on a file is defined by two logical records. The first record,
known as the “‘header” record, always contains 16 words,

Word

Variable

NAME

NROWS

NCOLS

0

ITYPE

Header Record Contents
Description
Name assigned to the matrix
Number of rows in the matrix
MNumber of columns in the matrix
Zero
Specifies the matrix storage type. All DYLOFLEX matrices

have ITYPE =0 indicating that all matrix elements are
present in record two and they are stored row-wise.

h



O

Header Record Contents (Continued)

Word Variable Description

6 NELEM Number of elements in the matrix

7-10 0 Zero

il AUXID(I) Words | through 6 from the auxiliary 1D array input to
READTP through the argument list (see sec. 6.1.2).

12 AUXID(2) AUXID allows up to six different variables to be carried
along with the matrix on the magnetic file.

13 AUXID(3)

14 AUXID(D

15 AUXIDLS)

16 AUXID{6)Y

The HEADER recorder is written onto the magnetic file with the FORTRAN unformatted
write statement: -

WRITE (IFILE) (HEADER (I). 1 = 1.16)

The second record contains the matrix elements in row-wise order. The record is written
with the FORTRAN unformatted write statement:

WRITLE (IFILE) (tELEM{1.J). J = | NCOLS), [ = | NROWS)
3.2 CONVERTING FILES TO READTP/WRTETP FORMAT

Any digital data file which can be read by a FORTRAN program and which can be broken
into sequential blocks may be represented by a READTP/WRTETP formatted file.

The user will have to write a small FORTRAN program which reads data from the existing
{ile and stores the data in standard FORTRAN arrays of one or two dimensions {arrays of
three or more dimensions will have to be broken into partitions of one or two dimensions).
The program will then have to call the subroutine WRTETP to write the data onto the
output file in the READTP/WRTETP {ormat. The WRTETP subroutine may be obtained
from the DYLOFLEX alternate subroutine library named DYLIB which is discussed in

section 4.0.



Usage of WRTETP
The usage of WRTETP is discussed briefly in the following paragraphs. For a complete
description of the routine, please see the comments at the beginning of the routine’s source
code.

DIMENSION AUXID(16)

DIMENSION MATRIX(NROWD,NCOLD)

Generate the element of MATRIX. Optionally store variables in AUXID{i): i=1.6.
Optionally set NAME to some matrix identifier.

CALL WRTETP(MATRIX NROWD,NAME NROWS ,NCOLS AUXID NFILES,
NMATS IFILE,IRR)

Input to WRTETP

MATRIX = The FORTRAN array containing matrix elements
NROWD = The dimensioned number of rows in the array MATRIX
NAME = Matrix identifier
NROWS = The actual number of rows and columns of MATRIX to be written onto the
NCOLS file
NROWS < NROWD
NCOLS < NCOLD
AUXID = Array of auxiliary identification data (only elemenis 1-6 will be retained
on the file)
NFILES = Number of logical files to be skipped before writing the matrix on the file
NMATS = Number of matrices to be skipped before writing the matrix on the file

Note: Because each matrix is two logical records, 2Z*NMATS logical records
will be skipped.

IFILE = Name of the file on which to write



Qutput from WRTETP

[RR = Error code

'JJ

6

1000+1

3000+]

indicates no error detected
indicates NFILES or NMATS <0
indicates NROWD > 0

indicates NROWS > NROWD
indicates NROWS*NCOLS <0

indicates an end-of-file was read after skipping (NFILES-[)
files

indicates an end-of-file was read after skipping { 2NMATS-])
logical records

3.3 CONVERTING FROM READTP/WRTETP FORMATTED FILES

Mugnctic tiles in the READTP,WRTETP format may be reformatted by writing a small
FORTRAN program. The program will have to call the subroutine READTP to read each
matrix into core. and then the program may rewrite the information on another file with
any method chosen by the authors of the program. The subroutine READTP may be
obtained fram the DYLOFLEX alternute subroutine library numed DYLIB which is dis-

cussed in section 4.0,

Usage of READTP

The usuge of READTP is discussed briefly in the following paragraphs. For a complete
description of the routine. please see the comments at the beginning of the routine’s source

code.

DIMENSION AUXID(16)

DIMENSION MATRIX(NROWD NCOLD)

Optionally set NAME

=0 1o disable name check

CALL READTP (MATRIX.NROWD.NAME NROWS NCOLS AUXID NFILES.
NMATSIFILEIRR)



Input to READTP

NROWD = The dimensioned number of rows in the FORTRAN array MATRI

receive the matrix elements

z
>
=4
tr
1

The name against which the matrix name on file will be checked. If

NAME = 0 no check is made

NFILES

NMATS

IFILE

Output from READTP

Number of logical files to skip before reading
Number of matrices to skip (after skipping files) before reading

Name of the file from which to read

MATRIX = The matrix elements
NAME = The matrix name on tape
NROWS = The actual number of rows and columns in the matrix from tape
NCOLS
NROWS < NROWD
NCOLS < NCOLD
AUXID = The auxiliary identification data. AUXID(7) - AUXID(12) will contain the
six variables input to READTP through AUXID(1) - AUXID(6).
IRR = ERROR CODE
0 indicates no error detected
2 indicates NFILES or NMATS <0
3 indicates NROWD <0
4 indicates NROWS > NROWD
5 indicates NAME did not match

1000+1

3000+1

indicates (NROWS*NCOLS) < 0 or > 10000
indicates an end-of-file was read when trying to read the matrix

indicates an end-of-information was read after skipping
(NFILES-I) files

indicates an end-of-file was read after skipping (2*NMATS-I)
logical records



4.0 DYLIB — THE DYLOFLEX ALTERNATE
SUBROUTINE LIBRARY

All of the DYLOFLEX programs except the FLEXSTAB SD&SS module require the
DYLOFLEX alternate subroutine library named DYLIB. All of the routines within DYLIB
are described by comments in the PREFACE section of their source code. A copy of each
PREFACE is given in Appendix A.

Table 1 provides a map showing which DYLIB routines are called by other DYLIB routines.

Table 1.—Map of Routines Called By DY LIB Routines

AINTG BEAMO { ARrcL
COMCUB
DATSRT
HERMINT
ZEROCOL
GTOLT (entry point in AINTT)
LTOGT (entry point in AINTT)
MOTAXO [ DHRMINT
HERMINT
MAATTCH {ARCL
REFPT
| zEROCOL
MOTPTO { zerocoL
PLATEO [ VIP
ZEROCOL
POLYO
AINTL { BEAMO {fARCL
COMCUB
DATSRT
HERMINT
ZEROCOL
MOTAXO DHRMINT
HERMINT
MAATTCH {ARCL
REFPT
| zErocoL
MOTPTO { zerocoL
PLATEO : vIP
{ZEROCOL
{ POLYO




AINTT
AMCON
ARCL
BEAMI

BEAMO

CBRT
CDECOM

CFBSUM

CGLESM

DINPRD
comcus
DATSRT
DECOM

DELETR

DELFIT

DHRMINT

FBSUBM

FETAD

FETADD

FETDEL
FLUSH

*|ndicates a routine from the FORTRAN library

Table 1. — {Continued)

comMcus
MADEFN

ARCL
coMcuB
DATSRT
HERMINT
ZEROCOL

VIPDA
CINPRD
VIPDA
CFBSUM

{UNPRD
[CDECOM
VIPDA
{VWA
AMCOM
| VIPDA
[ LOCATR
XFER

GET*
| IRQL

{ vipDa
FILESQ*
{PUTHT
[FILESO*
PUTFIT
{DELHT

All others are DY L18B routines.

ARCL
comMmcus

[ CINPRD
VIPDA
{ CINPRD

{|ROL



FNDKEY
FRTURN
FSF
FSR
GETT
GLESOM

HERMINT
INITIR

IRDCRD
iRQL
ISCAN
KNVRT

KOMPAR
KOMSTR
LOCATR
MAATTCH
MADEFN

MOTAXI

MOTAXO

*Indicates a routine from the FORTRAN library

Table 1. — (Continued)

{IRDCRD

{FSR

rDECOM
FBSUBM
\ VIPDA

{ DELETR

LOCATR
| LOCF*

SHIFT

ISCAN
STRMOV

{ARCL
REFPT
{ ARCL

COMCUB
comcuB
MAATTCH

MADEFN
DHRMINT

HERMINT
MAATTCH

ZERQCOL

All others are DYLIB routines.

{AMCOM

1LOCATR
XFER

[ARCL
comMcuB
ARCL
comMmcus

[ARCL
REFPT



MOTPTI
MOTPTO { zEroCOL
NAMFIL {rroL
ORDER {vmIN
PLATEA
PLATE! GLESOM DECOM {AMCON
FBSUBM
VIPDA
PLATEA
PLATET
PLATEQ 1\/1?
ZEROCOL
PLATET
POLYI
POLYO
PRGBEG {CLOCK'
DATE"
PRGEND {CLOCK’
DATE®
FLUSH
PRINTM
PRNTCM
PUTFIT
PUTT -
READTP FSE
FSR
XPANDZ
REFPT { carT
REQFL
GET*
RETURNF FRTURN
IRQL
LOCF*
RQL SHIFT
SEARCH
STAATR INITIR DELETR [LOCATR
XFER
LOCATR
LOCF*
REQFL

Table 1. — (Continued}

*1ndicates 8 routine from the FORTRAN library
All gthers are DYLIB routines.



Table 1. — {Concluded)

STRMOV

TBUL1 SEARCH
TERP1

TERP1

VIP

VIPA

VIPD

ViPDA

VIPDS

VIPS

VMIN

WRTETP FSE
FSR

XFER

XPANDZ

JERQCOL

Bocing Commercial Airplane Company
P.O. Box 3707
Seattle, Washington 9%) 24
May 1477



APPENDIX A
PREFACES FOR DYLIB SUBROUTINES

The following pages contain excerpts from the prefaces of each subroutine in DYLIB. The
full preface is embedded in the code of each subroutine. A statement of the purpose of
each subroutine and a brief description of how the subroutine works is given here. The
subroutines are listed alphabetically.

AINTG

AINTG IS THE ANDAL INTERPCLATIUN CUVER ROUTINE FOR GENERATING DISPLAC-
EMENTS 4ND SLIPES AT AERCUDYNAMIC CONTRIL PUINTS SPECIFIED IN THE GLOBR-
aL AXTS SYSTFrM,

AINTG PE~EFNFMS ITS TASKS IN THEZ FOLLOWING STEPS
{11 TRANSFURM QUTPUT POINTS TO LUCAL INTERPOLATION CUORDINATE SYSTEM
dY CALLING GTOLT ENTHY PNINT OF AINTT.
{Z) SELECT INTEFPCLATION DUTPUT ROUTINE ASSOCIATED WITH INTEFPLLA-
TIUN INFURMATION ARRAY,
{3) GCENEZATE OISPLACEMENTS {MPTIONALLY,s SLCPES) AT OUTPUT PLINTS

dY CalL ING

{A) PLATED FDR SURFACE SPLINE METHQOY
(R) dcaMa FOR BEAM SPLINE METHAOY
{C} 10FAXC FOR MOTJION axIs METHDO
{D) 407213 FOR MOTICN POINT METHOD
(F) POLYD FOR POLYNOMLIAL METHON

(a) MUDIFY T1SPLACEMENTS (SLNRPES) BY OIFFERENCE BETWEEN CIHECRAL aT
SUTPUT PIINT AND DRIENTATION OF LOCAL SYSTEM W.R.T. GLOBAL
3YSTAM.

(8} TRANSFISM QUTPUT POINTS #ACK TC GLGBAL SYSTEM 8Y CALLING LTCGY
FalTry PIOINT OF AINTT,

15



1

AINTL

AINTL IS THE MCDAL INTERPCLATILN COVEF *QUTINE FOR GENERATINCG CISPLAC-
CONTS AN SLOPES AT AR/ODYNAMIC CONTRGL POINTS SPECIFITD IN THE LCCAL
%15 SYSTEM,.

ATNTL PERFOSMS JTS TASKS [N THE FOLLOWING STEPS
£1) SELECT INTERPCLATION CUTAUT R0UTINE ASSOCIATED wWiTit INTERPCLA-
TICN COLFFICIENT ARFAY (SA AGRAY)
(2) COMERATE DISFLACEMENTS (TPFICNALLY, SLGPES) AT OUTRPUT PLINTS
Y LALL Ik
{A) PLATCC FOKk SURFACE SPLINE METHOD

{3) EAa FMR 3Ea¥ SPLINE ME THIOOD
[Cy “oTaxy FOR MOTIOGON axIs METHDO
() #2TPTS FOR HDTFICN POINT METHOD
() PULYy FOR PCLYROMI AL ME THQOD
AINTT
L VI

GENTY 15 Trfe (DDRDINATE TRANSFORMATIGCN ROUTIAE FAOR THE AERCLCYNEA T
Mutal INTEPPELATEON SGUTIAE  AINTS.

SINTE IS JALLY O 3y AlnLTL

STATT "HRTSY 90175 ARP
C1E GEMT = mrlCH TR aANSFURY S 2 [ NTS U0 SLCHAL T L CLAL £XJ°
P2 LT 0l = i 0r THRARSFIRYS 2ub TS PO LLn AL 1. oL walL aAx 1,



AMCON

PROVIVDE SELECTIVE MACHINE AND MATHEMATICAL CCNSTANTS WITH MAX IMUM

ACCUFACY.

cCsSCcCFfF 1P TICN

THE CONSTANTS ARE CODED AS RIOUNDED OCTAL NUMBERS TC ACHIEVE MAXIMUM

SIGNIFICANCE. THt AVAILAALE CONSTANTS ARE

SELECTCR  DESCRIPTION

J
1 LARGEST POSITIVE REAL
2 SMALLEST POSITIVE NORMALIZE?D REAL
3 SYMALLE ST POSSIBLE REAL WHILH ADDS
SIGNIFICANTLY TO 1.
4 NUMBER OF BITS IN A WIRD
5 NUMBEFK GF SITS IN MANTISSA OF A REAL
6 LARGEST POSITIVE NUMBER SUCH THAT
ALL POSITIVE INTEGER VALUES LESS
THAN OF EQUAL TO IT CaN CCAVERT TO A
FLCATING POINT NUMBER EXACTLY
7 NUMBEP OF ALPHAMERIC CHARACTERS THAT
CAN 3B STORED IN ONE wWORD
SRR NOT USED
10 BASE OF NATURAL LOGARITHMS
i1 Pl
12 LJG BASE 10 OF PI
13 LG BASF E OF PI
14 LJG BASE 10 OF E
15 FULERS CONSTANT
e LJUG BASE 2 OF E
17 NUMBEF (OF RADIANS PER DEGHEE
18 NUM3ck GF DEGREES Pc® RADIAN
1< l./E

la27*10%%433
3.13*%10%#-305
7.11%10%%-26

60
45
2%%¥59 - 1

10

2.7T18...
3.l4l...
064971 ees
lelé44aes
0e4342¢ce
0e5772eas
led442aee
OelT45een
5742954
0.367...

17



ARCL

CALCULATE THE ARC LENGTH ALONG THE CURVE X = CO#CLl*Y+C2aY®%2+C3#Y#%3
FROM (X0,Y0) T {(Xo.Y).

CESCF 1P TICN

THE AR( LENGTH IS GIVEN 8Y S = INTEGRALE SART(l.+{(DX/DY)*¥2%CY &,

IFf C2=0, I.E. MOTICN AXIS IS DEFINED BY QUADRATIC OR LOWER CKOEK
POLYNOMIAL, A CLOSEC FORM SOLUTION OF THE INTEGRAL IS EVALUATEC.

{F THE MCTION AXIS IS A CUBIC, A FOUR POINT GAUSS—LEGENNRE QUACRATUPE
[S USEC TC NUMEKICALLY EVALUATFE THE INTEGRAL.

BEAMI

PUKPOSE

TO PERFORM AN INTEFPJOLATICN IN Twl VARIABLES USING AS THE INTEKPCLA-
YION FUNCTIUNS, CUBIC SPLINES IN ARC LENGTH ALCNG BEAMS (PLANAR
CUAVES, X=F{Y) )} WITH SECCNDARY CuUBIC SPLINES IN X GENERATEC AT
RETLULIREEL Y VALUES CSING THE VALUES DEFINED BY EACH BEA™,

dEAMT PERFCRMS [TS TASKS IN THE FOLLOWING STEPS
(1) INITIALIZE BASE POINTERS FOR CUMPCNENTS GF SA ARRAY
{2) LOAC THE FOLLOWING INTO SA ARRAY
A. FIxST 15 WORDS, VALUES FRUM FORMAL ARGUMENT LIST
2. SEAM POINTER AND EXTRAPOLATION CGOOES
C. BEAM Y-COOFDINATES
{3) BEGIN LDOOP CN NUMBER GF BEAMS
{4) CALCULATF ARC LENGTH AND MAPPING POINT FCR ITH BrAM
(5) HEGIN LCCP ON NUMRER 0OF MODES
(€) CALCULALTE SLOPES LF TZ IN ARC LENGTH AND LOAL INTG SA ARKAY
(7) CALCULATE SLCPES (OF Rx Iy ARC LENGTH AND LCAD INTS SA AFRFAY
(2) CALCULATE SLCPES OF Y IN ARC LENGTH AND L3AZ INTC SA AFKAY
{S) CO T2 (5) FUF ANDTHER MODE
(10) GO T3 (2) FOCR ANCTHEK 3FAY
(11) LIAD 1C0HBEAMSPLINE INTD LAST WC~3S CF SA AFRAY
(12) RETURN T13 CALLING ROUTINE



BEAMO

PUFPOSE

Ty CALCULATE MUDAL DISPLACEMENTS AND CPTICNALLY SLUPES AT A SET CF
OUTPUT ATROUYNAMIC CONTROL PGINTS, GIVEN AN INTERPCLATIGN INFCRMATION
ARKAY (SA ARRAY) GENERATLCU [N FOUTINE 3EAMI FOR A JEAM—SPLINE SYSTEM

JEAML PERFIRMS ITS TASKS IN THZ FOLLCWING STEPS

(1) INITIALIZATICN
{A) EXTRACT COANSTANTS FROM SA ARRAY
(B) CHECK VALUES OF PARAMETERS If WITHIN LIMITS
(C) SET LEADING COLLMNS TC ZERQ
{C) ESTABLISH POINTERS TD CJIMPONENTS CF SA ARRAY
(E) SET FIxST WORD CGF FACH MCDE SHAPF TO SLUNDEFINED
3EGIN LCCP CN NUMBER OF POINTS
CETERMINE INTERSECTICN POINTS OF A STREAMWISE CH2FC CTFEFINED BY
Y{1) AND EACH BEAM

(4) COMPUTE THE AKC LFNGTHS T3 THE INTERCEPT POINTS

(5) SOKT X-COORDINATE VALJUES MCNTTONIC [ACREASING AND ELIMENATE
[DENTICAL POINTS

(e) GENERATE SECCNDARY SPLINE CUEFFICIENTS AND DETERMINE CEFLECTIONS
AND SLOPES FOR ALL CUTPUT POINTS ON THIS CHORD FOR EACH MODE

) SU T2 (2) FOR ANOTHER POINT

(8) INITIALIZE TRAILING COLUAMS TC ZEROD

SETLEN T CALLING RCOLTINE

CBRT

CBRT FINDS ThHE CUSIC RUGT CF A REAL NUMBFR xCUdFPn.

19
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CDECOIM

P UK PG SE

CECOMPOSE A SQUAKE COMPLEX MATRIX INTC LCWER AND UPPEK TRIANGULAR
MATRICES wITH PARTIAL PIVCTING AND RUwW EQUILIBRATION.

COMPLEX MATRIX A BECOMES DECO4MPOSTZD INTO ITS LCwER AND UPPEK
TRIANGULARP CUMPONENTS SUCH THAT A = L*U. SINGULARITY OF MATRIX A 1§
ALSO TESTED FNR AND A DIAGNNSTIC RETURNED. MATRIX A IS OVERLAYEC HY L
AND Us THE DIAGONAL ELEMENTS 0OF U AKE NOT STCRED SINCE THEY EQUAL L.

CFBSUM

P UK P SE

SOLVE THE CUMPLEX FORM OF A%X = 38 BY FCRwARD ANT DRACKWARL
SUESTITUTIONS USING THE A = L*%U DECCMPOSITICN.

LBTAIN THE CROLT DECOMPOSITION CF CCMPLEX MATRIX A AS LCWER ANLC UPPER
TRTANGUL AR MATUWICES AND AN ARRAY GOF INTEGERS WHISE FLEMENT [ [CENTIEIE
PIVIOTAL ©0w 1. SCLVE LCWEK®Y = B AND UPPER®X = Y QY FOkwARC AND
BACKwAXKD SUBSTITUTICNS.

CGLESHM

SH.VE THFE COMPLEX FCRM COF  A%X = B FCKk X, wHESE A IS AN NN MATEIX
AT s IS AN NVEM OMATRI X,

VERFT&R¥ THE CROLT DBZCUMPCSITI N A = LU wlTh SCw INTE-CHANSES, TF A
I NOT SINGULAKR, SOLVE THF TRIANGULAY SYSTEM 8Y FURWARC ANT HACKW ALY
SYRSTITUTION. THE MATKICES ARz CCMPLEX,



CINPRD

P UK PO S E

CALCULATE A = A - X*Y WHERE A IS A COMPLEX SCALAR ANOD X AND Y ARE
CGMPLEX VECTGORS

THE USEF SPECIFIES THE REAL AND [MAGINARY PARTS OF THE VARTABLES
SEPAFATELY. CINPRD COMPUTES THE REAL ANMD IMAGINARY PARTS SEPARATELY.
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COMCUB

FINC ThRE SLOPES AT A GIVEN SET OF PCINTS OF THE CUBIC SPLINE FPASSING
THROLGH THE POTINTS SATISFYING EITHER USER SPECIFIEC ENf2 CONDITIONS 0OF
INTERNALLY COMPULTED END CCADITIONS.

THE APPRCACH IS TO GENERATE A SET OF N SIMULTANECUS EQUATICUNS ANC
SULVF. (N—=2) 0OF THE EQUATIOMNS RFSULT FRCM THE CONTINUITY COGMDIEITICNS
4T EACH INLEPENDENT VAKIABLE PIINT. FNR DATA PCINT J, THE EQUATICN IS
MOJI/ZECD) # 2.%(1./HUJ) + Lo/HUJ+LIIEMJ) + MIJ+LI/H{U+L) =
3.2(Y(J) - Y{J-L))/H(J) &%
WHERE M(J) SLOPE AT X(J)

F(J) x(J) - X(J-1)

THE CTHER 2 EQUATICNS RESLLT FROM THE END CCADITICNS. FCR CATA PCINT |
l. M{1l) = SPECIFIED FIRST DERIVATIVE, Q¥
2 oMLY + MU2) = 3.2(Y(2) - Y(1))/{xX(2) - X{(L)) = (X2} - X(1))/

2.%SPECIFIED SECOND DEFIVATIVE, CR
3. MO1) = ACLI+A(2)%M(2) wHFRE M(1) IS INTERPCLATED, CR
4. Je®M(L) + MUEM(2) = C wHERE THE SECUND DERIVATIVE IS INTERPCLATE

AND MU = &4.%(1.+2.%A(2)1)1/(4.+2.%A(2))
C = =2%A(1) ¥ (X{21=X(1))/{as+2.%A(2)) + 0. X{(2.42.%

AL2))/14.42.%A(2)) )% (Y{2)=-Y(L 1)1/ (x(2)-X(1))
FOR TATA PIOINT N,

1. M(N) = SPECIFIED FIRST DFPIVATIVE, OF

2 VIN=1) + 2.%M(IN) = 3.x{YIN}I=YIN-1))/{XIN)~X{N—~1)) +
(XIN}=X{N=1)) /2. SPECIFIC) SSCUND DERIVATIVE, 2R

T M{N) = B(IL) + B{2)*M(N-1) wWHEKE M{N) IS INTEFPLLATED, CR

4. Ge¥(Le+2%R(2))/(4.42.%3(2))%2M{N=-1) + 2.%M(N)}) = C WHEFRE

THE SECOND DERIVATIVE S INTERPCLATED AND
C = 2.*%BULIF(XINI-X(N=-1L) )/ (4.+2.%8(2)}) +
OGa¥(1a4t8 (21 1/ (24+HB(2))%(Y(N)=YIN=1)}/(X(N)=
X(N=-11)
{F THE ENC CONCITIUNS ARE NOT ZASILY CSTIMATEO, SET THe FULLCWING

K& = KB = =2
AC1) = 8(1) = C.

A(Z2) = 312) = 5 FCk INCVEASING CURVATUFE, UFK
ACZ) = 8(2) = —.5 FOR DTCREASING CUTVATURE

THe SESULTING MATRIX IS TRIDTAGONAL AND CIAGCNALLY DOMINANT. TrE
SLLATIONS ARF SCOLVED 8Y GAUSSIAN ELIMINATICN WITH NU OIVOT ING, MAKING
FISJLL USE QF THE SPARSENESS OF THc MATRI Xe



DATSRT

P URPCGCSE

CATSRT RECRDERS AN ARRAY CF NUMBERS ASCENDING AND ELIMINATES ANUMBERS
FROM THE ARRAY ACCOPDING TG THE FOLLUWING CCADITICNS (1) VALUE EQUAL
SLNCT USED AND (2) VALUE ECUAL PFEVIOLS VALUE (I.E. IF TWC VALUES ARE
EQUAL, ELIMINATE ONF)

SuUP R I UK £F.QUTINES

CATSFT IS CALLED BY BEAMC

nFSCFI1IPTI AN

CATSET PERFOSMS ITS FUNCTICNS IN THE FCLLGWING STEPS
(1) INITIALIZE PUINTERS TO A<RAY CF ANUMBERS AND [INDEX MAP
(2) ELIMINATFE NCT USED VALUES AND COMPRESS ARRAY CF NUMBERS
FECKIER VALUES ASCENDIANG AND KRETAIN IADEX MAP
ELIMINATE A VALUE wWhHEN TwhO VALULES ARE wWITHIN AN EPSILCN
RETLRWN TG CALLING RCLTINE
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[ I S V)
-

DECOM

P LK P SE

CECCMPCSE A SQUARE MATEIX INT) LOWER AND UPFER TRIANGULAR MATRICES
“wITH PARTIAL PIVCTING AND #Ow EQUILIBRATION,

MATRIX A cECOMES DECOMPQASEDR INTD ITS LUwFR ARNRD UPPFE TFIANGUL 2K
COMPUNENTS SUCH THAT A = L*U. SINGULARITY OF MATKIX A S ALS. TESTED
£ ANC & LIAGNDSTIC RETURNED. MATREIX A IS (CVERLAYFD 3Y L ANC J. THE
CTAGGNAL FLEMENTS OF L ARE NOT STORED SINCE THEY AFE ELULL TC 1.



DELETR

CELETR IS CALLED TO ELIMINATE THE ARRAY NAMEA FRCM THE LIBRARY ANE
STORAGE.

RQUTINE DELFTR wltL ACCCMPLISH ITS TASK IN THE FCLLCWING STEPS...

A) INITIALIZE THME EFRCR CCCE.

R) FUNT FOR NAMEA IN THE VARDIM (VARIABLE DIMENSICN) CATALCC. IF NAME
IS NCT FOUND THE ERRQOR CODE IS SET TO -2 AND WILL JUMP TC (C). IF
NAMEA [S THE LAST ENTRY, THEN NAMEA wILL BE EFASED AND A JuMP TQ0
() wiIlLL TAKE PLACE.

C) CTHFERWISE CCMPKESS THE CURE STOKAGE AND VARGIM CATALCG.

C) RETUKN TO CALLING PROGRAM,



DELFIT

PUKPLUSF

CELFIT IS5 CALLED TO DELETE A FILE NAME FROM THE SYSTEMS RA+2 LIST OF
FILE NAMES., DEFORE DELETING THE NAME IT MAKES SURE THAT THE BUFFER
NF AN OUTPUT FILE HAS BEEN EMPTIED.

SUP FRIDR ROUTINES

FETCEL CyLiB CLOSE A FILE AND DELETE THE FILES ENTRY IN THE RA#2
LIST.

fESCR 1P TT1TON

CELFIT PCRAFORMS ITS TASKS IN THE FCLLCWING STEPSe.o

(1) INITIALIZE THE ERACR CODE.

{2y FINC THE FILE NAME [N THE RA#+2 LIST.
1F NOT PRESENT, SET THE ERROR CODE TO -1 AND JUMP TQ (9).

{3) CHECKX THE FILES FIT T4Q SFE IF THE LASY CPERATION WAS A WRITE.
IF NQT, JUMP TO (7).
IF YES, BLT THE BUFFER [S EMPTY JUMP TC (7).

(4) CHECK THRE FIT AGAIN TO SEE IF THE FILE IS OF TYPE WORL ACDRESS .-
ARLE., IF NUT JuMpP TC {6).

{5} RAEAD THE FIRST wORN CN THE wORD ANDRESS ABLE {RANECM) FILE.,
THEIS WILL FCRCF THE BUFFER TO BE EMPTIED.
THIS wWlLL FCRCE THE BUFFER TQG 8t EMPTIEDR.

(&) REWIND THE FILE.
JUrP TC (7).

{7) CELETE THE FNTRY IN THE 7A+2 LIST.

(B) COMPRESS THE FA+2 TG RECMOVE [MBEODED ZERQ.

{9) FCTURY TC THE CALLING PRIGRAM.
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DHRMINT

P L& PC S

GIVEN F{Xx1)y FUX2)y OF(XL)/DXy AND DF (X2)/70%s CALCULATE CF(X)/CXy
X26X6X1ly FGR N MUNES, WHERE HEFMITE INTEFPOLATICN IS USED TC
APPRLXIHMATE EixX).

N F 5§

Lo
-

| IV R 2 U

5 U [
T PCLATFYD vALUES AT A S&T CF GCUTPUT PCINTS

F 1
AxC - CALCULATE [NTER

ML

LI P T 1 L N

[ ]

S
FEAMITF [NTERPLLATICN FOFY 15

- 3
1 m

H
FOxd = (16 CPlC3DFIX1Y A0 « C4%0F(x2)/70%) + (C3(CH*FIX1) & CTRF(X2)) &

x2=-x) - (x2-%1)
-(x2-x)&(x2-X1)
[X=X]1)%¢2

x-x1) - (X2-Xx1)
IS CEAWENE o S

(X —X)se?

= 1. /ix2—x})&%)

[l el eininN el
— R W AN (T g
nonou

THE TE-IvalIVE CF ThE HERFITE FOPM wWITH FESFECT TC x IS,

PEIX)AIX = CLuDC2{C3#=NFIX1/DX + C4#FlxLb} + CCS(Ca*DF{X2)/0x +
CTFIX2}) # C2(DEL=DF(XL] /DX + 23F(X1))
+ CSINELENF{X21/NX = 2&F(XZ)) &

(L2 = —2,[X2-X)
LS = 2.{X=-Xx1)
DEL = x2-X1
FESUBM
FuoS e s

SAalwE TrE ZuedT] ow A%¥X = 5 oY bi,< a8y AND 3ACKWACL SUBSTITUTICKRS USING
fviy A = L=l "LLOMPUSTTIUN,.

ATATY THE (oot T PeCIMPISITICY LF MATRIX A AS LOWES ANL UPPES
T{aNGOLAR MeTEILE S AND AN ARI Y JF IATFUESS wrdSE BLEMENMT 1 IDUHTIRILE
CIVeTAL FCh [. SoUVE LORER&Y = 8 4% UPPEC*x = v 3y FQOFwARLD AAC
SALM Al LC SLESTETLTIONS,



FETAD

P UF PG SE

FETAL PERMITS A FORTRAN PROGRAM TO DEFINE A FILE DURING EXECUTIONM.
THUS, LF & FILF 1S USED ONLY DURING ONE PHASE OF A PROGRAM THE FIELD
LENGTH ASSOCIATED wWITH ITS BUFFER NEED NOT At DEDICATED TO THAT FILE
THRCUGHOLT EXECUTION IT COULD BE USED AS 2 BUFFER FOR ANOTPER FILE
02 ANY CTFER PURPQSE. SUBROUT([NE FETOEL CCKMPLIMENTS THIS ROUTINE AND
1S LSEC TC CLCSE AND DELETE A FILE.

CESCRIPTICHN

IF IFILE IS AN INTEGER IN THE RAKGE QF 1 TGO 99, ITS NUMERIC VALUE, Nh.
1S USED TC GENERATE THE DISPLAY CODE FILE NAME TAPENN. CTHERWISE,
IFILE 15 USED DIRECTLY.

PUTFIT IS LSED TO ADD THE FILE NAME TO THE RA+2 LIST WITH ThE POINTER
SPECEFYING FET( L) AS THE START OF THE FIT. FILFSQ IS CALLEC TQ
LUESCFIBE TFE FILE TO THF RECCRD MANAGER WITH BUFFER(LI AS THE START
CF TFHE FILES BUFFER.
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FETADD

FLTA{D PEFMITS A FCRTRAN PROGRAM TG DEFINE 4 FILE DURING EXECUTIONS
THUS, §F & FILF IS5 USED GNLY NURING ONE PHASE OF A PROGRAM THE FIELD
LENGTH aSSUCTATEN WITH [TS BUFFER NEEN NGT BE DEDICATED TQ THAT FILE
THEULSHOLT EXCCUTION 1T COULD BE USED AS A BUFFER FOR ANCTHER FILE
ke ANY L THFR PURPQOSE. SLBROUTINE FETDeL CCMPLIMENTS THIS ROUTINE ANMC
IS LSET TC CLOSE ANMD DELETE A FILE.

TE [FILE IS aN INTEGER [N THE ~ANGE CF 1 TC 99, ITS NUMERIC VALUE, NA.
[S USEC TU GENERPATT THE DISPLAY CODE FILE NAPE TAPOCNN. OCTHERWISE.
FEILE 15 USED TIRECTLY.

PUTFIT 1% usSely T AOD THE FILE NaAME TC THE RA+2 LIST WilTh THE POEATER

SPECIFYIANG AxRaY(1) AS THE START JF THE FIT. FILESG IS CALLELC TC
LFSCRISE [HEC FILE T THE FECTRY MANAGER WITH APPAY{36) AS THE START
OF THF FILES SUFIEP.,

FETDEL

FETCEL PEFRMETY A FORTRAN PROGRAM T3 CLCST ANE CELETE & FILF DJRING
TXECUTION, [T ALLGwS NYNAVIL MANAGEMENT JF FILE NAMFS AMU BUFFEAS.,
THYS, TF & FILE 1S ULSED CALY OUKING Ch: PHASE CF A PRUGEAYM TRHE FILELD
LENCTF ASSOCIATES wITH ITS BUFFEP NEED NOT EE DECDLCATEDN TC THAT FILE
THECLGRIILT ExCCUTIUN [T COUL ) AE ULSEN AS A& BUFFEX FLCC ANTITHEER FILE
e aNY CTESR PLRPOSF.  SLERPIUTINES FETAD ANC FETADT CONPLIMENT THIS
SO TINE ANTY ARE LSFO DFFINE A NEw FILF.

I[F 1FEILE Iy ww IRTEGER In THE rainGe CF L T 99, [ TS MJYERIL VALUE. Nh.
19 ULE D Te ATE2aTE THE J[SPLAY CHDE FILE NAME TAPTLNG DTHERWISE,

TFEILE 15 LSEY CEIRECTLY.

SUTHIT 1S LSED Tu AN THE FILS N&ME T€ THE FA#2 LIST wiTh THF FUENTEF
SPET[FYING FPTELY &S THE STAET -3F TRE FIT. FILF5. 15 CALLEC 10
P Y=L THE FILE T0 THF PECIRD MANAGFSE W[ Tk SUFFES{L) AS ThRE STAST
S6 TEF FIL-5 SLFFES,



FNDKEY

PUE P LS E

FNCKEY READS ANC PRINTS CARD INPUT IMAGES UNTIL IT FINDS ONE WITH A
GIVEN KEY IN THE CARDS FIRST CHARACTERS.

CESCRIPTION

FNCKEY PERFORMS [ITS TASK IN THE FOLLOWING STEPS,
(1) INITIALIZE THE ERRQOR FLAG.
(2) CALL IRDCRD TO READ AN INPUT CARDy CHECK FCR ENC~OF-FILE, PRINT
THE CARD IMAGE, AND EXTRACT THE KEYWORD.
JUMP TO (4) IF A END-OF-FILE WAS READ
(3) COMPARE THE ACTUAL KEYWOPD (IWORD) AGAINST THE ONE DESIRECIKEY)
JUMP Ta (4) IF IWORD .EQ. KEVYe.

REPEAT STEPS 2-3 IF .NE. KEY.

(4) RETLRN TO CALLING PRCGRAM,

FSF

FSF FORwARD SPACES PAST LCGICAL FILES ON SEQUENTIAL BINAFY FILES.

NOTE ees THIS IS NCT THE BCS STANDARD VERSICMN CESCRIBEC IN REF. 2.
THIS VERSICN WAS WRITTEN FOR DYLOFLX (REF. 1).

FOR EACH LOGICAL FTILE TO RBE SKIPPED ON THE NVMAGNETIC FILE, FSF CALLS
FSR TO SKIP PAST HOCOC LOGICAL REFCCRDS CF AN ENC-CF-FILE. TKHE #SR
FRrRQO& COCE WILL BE GREATER THAN ZERO IF AN ENN-NF-FILE wAS REAC. THE
ERROR (OLE WILL BE NOCOGC IF AN EMPTY FILE waAS FCUND.

ASSUMPTICNS ose
(1) ANC LOGICAL FILE wiLL CCONTAIN MCRE THAN NOOOO LOGICAL FECCRECS.
{2) SIX CONSECJTVTIVE EMPTY FILES ARC TAKEN TGO MEAN END-CF-INFCRMATICN

LIMITATICNS <o
FSF MAY NCT PRCCESS CORRECTLY MAGNETIC FILES wWITH
(1) MCRE THAN NCCOO LGGICAL RECORDS IN A LCGICAL FILE.
(2) SIXx OR MURE CCNSECLTIVE EMPTY LCGICAL FILES.
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FSR

P UK PCSE

FSR FORWARC SPACES PAST LCGICAL RECCRDS ON SECUENTIAL BINARY FILES.

CESCRIPTICN

FSKk REALCS SHORT LIST (1 wCRD) FORTRAN BINARY RECCRDS UNTIL EITHER
THE CORRECT NUMBER OF RECCRDS HAVE BEEN SKIPPED UR AN END-CF-FILE

IS REAC. THE LATTER CASE RESULYS IN THE ERRCR CCCEt BEING SET TC 4
NON~-ZERQO VALUE. BACK SPACING IS NUT ALLCWEC. END-CF-FILES wILL AOT
BE SKIPPED.

GLESOM

SOLVE A%X = B FOR X, WHERE A [S AN N&N MATRIEX AND B IS AN N#*VM MATRIX.

PERFORM THE CRCLT CECOMPOSITION A = LU wWITH RCw IANTERCHANGES. IF A IS
NOT SINGULAR, THEN SOLVE THE TRIANGULAR SYSTEM 3dY FCKEWARD ANC RACKWARD

SUBSTITUTIUN.



HERMINT

PURPOSE

GIVEN F{X1)e F(X2)y DF(X1)/0X, AND DF{X2)/DX FCR N MCDES PERFCRM .
FERMITE INTERPGLATION FCOR F(X), X1E&EXEX2.

SuUPERTIOR ROUTIN
A

MCTAXO — CALCULATE INTERPGL

S

mirm

TED VALUES AT A SET CF QUTPUT PCINTS

CESCRIPTICN

THE FEFMITE INTERPCLATICN FORM [S

F(x) = C1& C2(C3*¥DFI{X1)/Dx + C4*DF(X2)/DX) + C5(C6*F{X1) + CT#F(X2)) &

Cl = le/{X2-X1)*%3

CZ2 = (X2-X)&s%2

C3 = (X-X1)%(x2—-X1)

C4 = 2(X=X1) - (x2-x1)
Ce = (X=X1)%x2

Cé& = —(X2-X)*{X2-X1)
€7 = 2{X2-X}) - (X2-X

INITIR

INITER IS CALLED TC INITIALIZE (DEFINE) A NEw ARFAY.

INITIR ALLCCATES THE AFRAY STORAGE, ZES(S THE AREA, AND MAXES AN ENTRY
IN THE ArRPAY CATALOGUF. IF Tide AKRAY REING DEFINED ALREADY EXISTS,
ThHE ELEMENTS ARE SIMPLY SET TO LERC IF THE CIMENSICAS ARE TC REMAIN
UNCHANGEFLC & IF THE ARKkAY SIZE IS TO Bf CHANGED THE CLD ARRAY IS
CELETEC ANC A NFw CNE OEFINED.

MITEeese THE RCUTINE INITER MUST 3E CALLED FCK A ARFAY BEFORE ANY
CTHER VARDIM ROULTINE CAN REFEFR TLC THE ARRAY,
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IRDCRD

ERDCRD REACS A CARDC IMAGE FROM THE FILE INFIL, PRINTS IT ON IUTFIL,
AND EXTRACTS THE KEYWORD FRQOM ITS FIRST CHARACTERS.

IRDCRD PERFORMS ITS TASK IN THE FOLLGOWIANG STEPS ee.
(1) INITIALIZE THE ERRCR CUDE.
{2) REAC A CA¥D IMAGE FRCM THE FILE INFIL.
IF AN END-UOF-FILE IS READ THE ERFOQOF COCE S SET. EQUAL TO 1,
ANO 10A=——ECF~—-- [S PLACED IN ICARC(1).
(2) PRINT ICAKU CON ILTFIL.
JuMP TO STEP (5) LF [PR=1.
(4) MASK THE KEYWCRD FFCM ICARD(L) INTC KEY WITH MASK.
IF KEY = L$TITL JUMP TO STEP (2).
(5) RETLRN TO THE CALLING PRQJGRAM,

KNVRT

SCAN A STRING COF CHARACTERS, EXTRACT NUMERIC STRINGS, CCNVERT THEM T(O
bINARY NUMYERS AND STORE THEM IN AN QUTPUT ARRAY,

SCAN A STRING CF CHARACTERS AN [DENTIFY THE BEGINNING ANC ENCING (A
PLANK) OF A FIELD CONTAINING NUMERIC DATA. IDERTIFY THF NUMEBER IN THE
FILL) AS INTEGER Ok KEAL AND CONVEFT IT TO THE APPRQPRIATE FORMAT, VIZ
126, F20.C CF E20.C. wHEN THE DESIRED NUMBER CF VALUES HAS BEEN
CONVERTEL R THE ENTIRE STRIN; HAS BEEN SCANNED, CCNTROL RETURNS TC

THE CALL INC PRCGKAM,

LOCATR

LOCATR IS CALLED Tu DETERMINE AN ARRAYS SIZE, TYPE, AN LOCATICN.

FOGTINE LCCATR IS CALLED 1C DETERMINE A STZE, TYPE, AND LOCATICN CF AN
ARRAY IN VARDIM STOFAGC. ROUTINE LCCATR SHCULD AE CALLED JUST PRICF
TG FANTUINCG THE ARWAY, BECAUSE ITS LCCATICN CHANGES AS ARRAYS AkE
CELETED AND ADDED T THE VARTAALE DIMENSTIUN STCRAGT SCHEME.



MAATTCH

PUFERPCSE

{XRyYR), CN THE MOTION AXIS AND SUNDRY CTH:ER INFCRMATION ASSOCIATED
~lTH AN ARSITRARY POINT (Xx,Y).

SuUPERTIOFR ROULTINES

MUTAXI — GENERATE AN INTERPOLATTION INFORMATICN ARFAY FOF A MCTICN
AX1S SYSTEM :

MOTAXO - CALCLLATE QUTPUT FUR A MCTICA AXIS SYSTEM AT A SET GF PCINTS

L ESCRITIPTICN

THF MCTICN AXIS IS DEFINED BY A SERIES CF CUBICS BETWEEN MOTICN AXIS
DEFINITION POINTS. THE REFERENCE LINES THRCUGH EACH OF THE MCTION
AXIS DEFINITION PCINTS DIVIDE THE XY PLANE INTG PEGICNS WHICH ARE
ASSTCIATEC WITH EACH OF THE MOVTICN AXIS SEGNMENTS. GIVEN AN ARBITRARY
PIINT, (XsY)y, THE ASSCOCTATED MOTION AXIS SEGMENT IS DETERMINEC, ANC
THE CUBIC COEFFICIENTS ACCESSEDy (OR CALCULATED FCF AN EXTKAPCLATION
CONCITICN). IN THE CASE CF A PCINT wHICH IS NCT WITHIN THE RECICAS
ASSUCIATED AITH A MOTION AXIS SEGMENT, T.E. INBCARD CR CUTECARLC, A
LINEAR EXTRAPULATICN USING THE EXTREME POINT AND SLCPE CF TrHE MUTION
AX1S IS LSED TC DEFINE THE COEFFICIENTS. [F THE REFERENCE LIMNES CN
EITHFER END OF THE ASSOCIATED SEGMENT ARE PARALLELe. A LINE (F THE SAME
SLGCPE THRUUGH (X,Y) MAPS {(Xx,Y) TQ THE SEGMENT. CTHERWISE A LINE
THRQUGE THE PCINT OF INTERSECTIGON CF THE REFERENCE LINES, (XMsYM)s AND
(xeY) MAPS (X,Y) TO THE SEGMENT.

IN ACCITICN TO THE REFEFENCC PTINT, THE ARC LENGYH ALCNG THE MCTICN
AXISy, ThE NISTANCE FROM (X,Y) T REFERENCE POIANT, AND THE ANCULAR
CRIENTATION OF THE FEFEFRENCE LINE THRCUGH {(X,Y) ARE CALULATEC. ALSO
THE RATIQ OF DISTANCE FROM (X,Y) TC (XR,YR) AND THZS DISTANCE FRGM
(XM, YM) TC (XseY)y AND THE SLCPF 0OF THE MOGTICN AXIS AT (XRyYR) ARE
CALCULATEC.
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MADEFN

PURPGSE

GIVEN A SET OF MOTION AXIS DEFINITICN PCINTS AND THE SLOPE CF A
FEFERENCE LINE THRCUGH EACH POINT, GENERATE A SPLINE OF .CUBICS
CESCRIBING THE MCTION AXISy CALCULATE THE ARC LENGTH ALONG THIS CURVE
TQO EACH CEFINITION POINT, AND CALCULATE THE MAPPING POINT ASSCCIATED
WITH EACH MOTION AXIS SEGMENT.

SLFPERTQOR ROLTIINES

MOTAXI - GENERATE AN INTERPOULATICN INFCRMATICN ARRAY FOR A MCYICN
AXIS SYSTEM
SEAM] — CENERATE AN INTERPOLATION INFCRMATICN AFRRAY FOR 2 MULTIPLE

BEAM MOTION AXIS LIKE SYSTEM,

IF THERE AKE TwO DEFINITICN POINTS THE CQUATICAN CF A STRAIGHT LINE IS
CENERATEC, OTHERWISE THE SLOPE OF THE MCTICN AXIS IS CETERMINELC AT
DEFINITICN POINTS, AND THE EQUATICNS CF A CUBIC ARE GENERATED FOR EACH
SEGMENT. THE SLOPES ARE CETERMINED BY SCLVING A SET CF SINMULTANECUS
EQUATIONS +OR THE MINIMUM INTEGRAL CF THE SECOND DERIVATIVE. THE ARC
LENGTH TC EACH MJTION AXI S DEFINITICN PCINT IS CALCULATED, ANLC THE
MAPPINC POINT FOR EACH SEGMENT CALCULATED. THE MAPPING PJINT, USED

T MAP ANY ARBITRARY POINT IN THE SEGMENT REGICN TC A REFERENCE PCINT
UN THE MCTIGN AXIS, IS DEFINED TO BE THE INTERSECTION OF THE REFERENCE
LINES ON EITHEF ENC OF THE SEGMENT.



MOTAXI

PURPCSEF

PERFORM AN INTERPOLATION IN Tw3 VARIABLES USING AS THE INTERPCLATING
FUNCTICN A CUBTC SPLINE IN ARC LENGTH FOR DISPLACEMENTS ANC RGTAT IONS
ALCNG A CONTINUOUS PLANAR CURVE WITH SPECIFIEC MAPPING FROM THE CURVE
TG OTHER PGINTS IN THE PLANE.

GIVEN A SET CF POINTS wWITH ASSOCIATED FEFERENCE LINES DEFININCG A
MCTILN AXIS, ANC A NUMBER CF MOTION STATIONS WITH DISPLACEMENTS

ANE KOTATIUNS FOR A NUMBER OF MODESy GENERATE THE FUNCTIONAL
DESCHIPTION QF THE MOTICN AXIS, CALCULATE THE DERIVATIVES Wl.kaT.

ARC LENGTEF UF THE DISPLACEMENTS, AND FCRM AN INTERPOLATICN INFCRMATION
ARF AY CONTAINING ThESE DATA.

THE MCTICN AXIS FUNCTIOUNAL DEFINITICN IS A SERIES OF CUBICS, X = C(Y),
nHICH MINIMIZE THE INTEGRAL CF THE SECONU DEFIVATIVE OF X WITH RESPECT
TO Yo THE MOTION AXIS PASSES THROUGH THE DEFINITICN PCINTS THE
SECOND DERIVATIVES ARE ZERC AT EITHER £END. TYHE REFERENCE LINES
THREQUGH TrE NEFINITION PGINTS OIVIDE THE X.¥Y PLANE INTC REGICNS
ASSOCIATEC wWITH EACH MOTICN AXI[S SEGMENT, THE REFFRENCE LINES ARE
ASSUMEC TC BE RIGID WITH RESPECT TO DISPLACEMENTS AND ROTATIOAS OF
THFIR CEFINITION PCINY. ©ACH MOTICN AXIS SEGMENT HAS ASSOCIATEC wWITH
IT A MAPPING POINT (THE INTERSECTICON CF THE KEFERENCE LINES CN EITHER
ENC) OR SLOPE (THE SLOPE (OF PARALLFEL PEFERENCE LINES TN EITHER ENC).

ANY ARZBITRARY PCINT (XoY) IS ASSOCIATED wITH CAE MCTICN AXIS SEGMENT.
THE PEFERENCE PCINT CN THE SEGMENT IS THE INTERSECTION OF A REFERENCE
LINE THRQUGH (XsY) AND THE MOTION AX{S. THE REFERENCE LINE IS THE
LINE THPNUGH (XeY) AND THE SEGMENT FMAPPING PCINT, OR THE LINE THRCUGH
(XsY) WITF THE SEGMENT MAPPING SLOPE.

THE MCTICN AXIS CEFINITICN EQUATIONS AND MAPPING DATA IS CALCULATED
ANDG TOGETHER wlTH DEFINITICN POINTS AND KEFERENCE LINES PLACEC IN THE
INTERPOLATION INFORMATICN ARRAY, THE FEFERENCE PCINT IS DETERMINED
FCR EACH MOTION STATICN, AND THE DISPLACEMEANTS AND ROTATIONS TRANS-
FERRED TN THE REFERENCE PCINTS. THE DERIVATIVES wITH RESPECT TO

ARC LENGTF UF THE DISPLACEMENTS AND ROTATICANS ARE DETERMINEC (AGAIN

4 MINIMIZATION QF THE SECCND DERIVATIVE)s ANC THE CISPLACEMENTS.
ROTATIONS, ANC THEIR DERIVATIVES ARE PLACED IN THE INTERPOLATY ICON
INFORMATICN ARRAY,

THE “OCAL INFORMATICN AT THE MGOVICN STATICNS MAY BE CRIENTEL IN THE
XY AXES (NORMAL) CR THE LSER MAY INDICATE (REFER TO INCC) THAT RX IS
PEFPENCICULAS TC THE STRAIGHT LINE SEGMENT BETWEEN THE DEFINITION
FOINTS OF THE FEFERENCE MCTION AXIS SEGMENT FCR THF MGTICN STATION.
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MOTAXO

PERFCRM AN INTERPULATION IN TwWwO VARIABLES USING AS THE INTERPCLATING
FUNMCTION A CUBIC SPLINE IN ARC LENGTH FOR OISPLACEMENTS AND KCTATICNS
ALONC A CONTINUOUS PLANAR CURVFE WITH SPECIFIEC MAPPING FROM THE CULRVE
TO CTHER POINTS IN THE PLANE.

CIVEN AN INTERPOLATION INFORMATION ARRAY FGR A MOTICN AXIS SYSTEM
GENEPATED IN ROUTINE MOTAxI, CALCULATE MODAL DISPLACEMENTS ANC
CPTIONALLY SLGPES AT A SET OF OUTFUT PCIANTS

CONTAINEC wITHIN THE INTERPOLATION INFCRMATICN ARRAY IS THE DEFINITICN
OF THE MCTION AXIS AS A SERIES OF CUBICS IN Y WITH MAPPING CN EACH
SEGMENT SPECIFIED BY A MAPPING PCINY. THE MCDAL DISPLACEMENTS
(TRANSLATIONS AND ROTATIOAS) JUF PCINYS CN THE MGYICN AXIS ANC ThE

NER IVATIVES UF DISPLACEMENT wWITH RESPECT TO ARC LENGTH ALSC EXIST
WITHIN THE ARRAY. :

FOR EACKH OUTPUT POINT, THE ASSOCIATED MCTION AXIS REFERENCE PCINT IS
DETERMINEC, AND THE MODAL DISPLACEMENTS AT THE KEFERENCE PCINT
CALCULATEC USING HERMITE INTERPOLATION. THE ~CDAL DISPLACENMENTS AT
THE GUTPLT PUINT ARE THEN

TZiXe¥Y) = TZLS) + DRE-SINU(THETA)*RX(S) + CCSITRHETA)*RY(S)&

~HY(S) + DRE-SIN{TIED(PX)/D(S)+CCS(T)*D(RY)/C(SIECAS)/L{X)
RX{S) + DR&-SIN(T)*D(RX)/DI{S)I+LCSIT)I*D(RY)I/D(SIEL(S)/CLY)

C(TZ)y/CX
rEYZy/2Y

WHEFE THETA(T) IS THE ANGLE CF THE REFERENCE LINE FRCM X AXIS,
DR IS THE DISTANCE FROM QOLTPUT PUINT TU REFEFENCE POINT, ANC S IS
THE ARC LENGTH ALONG THE MCTION AXIS TC THE REFEFENCE PCINT.

MOTPTI

TO PERFURM A TZANSHFCRMATICN GF MUTICNS FRGY A SINGLE PUINT

THE MOTION OF & PCINT IN 2-SPACE [S CEFIANEC RY A RIGIC TRANSFCORMATICN
APPLIET 17 Tre MCTICN CGF A DATUM



MOTPTO

MOTPTC CALCULATE MODAL DISPLACFMENTS AND CPTICNALLY SLCPES AT A SET CF
CUTPUT AERCDYNAMIC CCNTROL POINTS, GIVEN AN INTERPOLATION INFORMATION
ARRAY (SA ARRAY) GENERATEC IN ROUTINE MCTPTI FCR A MCTION PCINT SYSTEM

MOTPTQ PERFCFMSE ITS TASKS IN THE FCLLCWING STEPS

FO# EACH CLTPUT PQINT SPECIFIED, THE RQUTIME GENERATES OISPLACEMENTS
ANC (CPTICNALLY) SLOPES BY A RIGID TRANSFCRMATION OF THE MCTICAN CF A
CATUM.

NAMFIL

NAMFIL CCNVERTS A FOLLERITh wORD INTC A LEFT JUSTIFIED ZERC FILLEE
wORD SUITA3LF FCR USE AS A FILE NAME. THE IAPUT FILE NAME MUST ...
(1) 2ECIN A#ITH AN ALPHABFTIC CHAFRACTER, A TC Z.
(21 BE LEFT JLSTIFIED (NC LEANDING BLANKS).
(2) CUNTAIN FROM 1 TC -7 CHAXKACTEFS PRICR TC A BLANK.
{4) ENC wITH FRUM 3 TC G BLAMNKS.
DR AN ExRCR IS CIAGNQSFED BY SETTING THE VALUE CF THE FUNCTICN TC ZERC.

DeSCRIPTICN

NAMFIL PERFJRMS [TS TASK IN THE FOLLCWIANG STEPS.

(1) INITIALIZE THE VALUE OF THE FUNCTICN TC Z€ERC AND ThHEN CHECK FCR
8 BLANK NAME OR ONE NOT HEGINNING wITH AN ALPHA. CHARACTER,
JUMD TQO (6) [F THERE IS AN ERKCOR.

(2) STCRE THE HOLLERITH NAME 1IN T11EMP,

CHECK THE LAST CHARACTER 0OF [TEMP,

IF IT IS NUOT A BLANK JuUMP GOT (5).

IF IT IS A pLANK CHANGE [T TC BINAKY ZERD, ANI THFEN CIRCULAR

SHIFT ITEMP ONE CHARACTE? T{ THE RIGHT. STEP (3) [S REPEATED
ULNTIL AtL THEN CHARACTESRS HAVE BEEN PRCCESSFEND CR A NCN-BLANK

CHARACTEK IS FCUNDS

(4) IF THE NUMBER CF NCN-3LANK CHARACTERS IS O CR GREATER TFAN 7
JUMP T (€.

S} LEFT JUSTIFY [YEMP AND SET THE FULACTICN VALUE EQUAL TC ITEME,
FETURN TC Trt CALL ING PRIGAM,

37



ORDER

TC REQRDER THE VALUES OF AN ARRAY NMCNCTCANICALLY INCREASING
ANC THE RELATEC TINDEX ACCCRDINGLY

CRCER PLACES x I[N MONGTCNIC INCFEASING CRDFR  ANC
KREQRDERS THE INDEX SET ACCORDINGLY

PLATEA

P UK PCSE

PLATEA FCPMS THE PLATE MATRIX COEFFICIENY OF SYSTEM CF ECUATICAS

SuUPtEtRrR1TOR kCUTINES

PLATEA IS CALLEC 8B8Y PLATFEI

FORM THE COEFFIEIENT MATRIX FN&k SYSTEM CF ECULATICN, SK = SMGOTHINC
CONSTANT (<ATIO OF PLATE STIFFNESS TC INPUT PCINT SPRING STIFFAESS)

# 1 x{1) v(1) WHERE A{Il,J) = R**2 [ N(R¥%2), 1&J
x - - -
ACT,J) * - - - = 0y [=J INCS = C
& - - -
® 1 X{N) Y{(N) = SK{l),y I=J INDS = L
*
REREEE LR EEERTREERR GO DR RREE = SK{I), 1= INDS = 2
®
1 -—- L == C C C Rex2 = [X{(I)=-X{J))#%%?
X{1) —~= x{N} * (C C C + (Y (1))=Y (J)) %22
Y1) -——— Y{N) = C o] C N=NGs PTS.,y M=N#3=NC ., EQUATICNS



PLATEI

TC PERFOPM A BIVARIATF INTERPULATICAN USIAG AS THE
INTERPULATING FUNCTION THE SMALL DEFLECTICN ECUATICN
CF AN INFINITYE PINNED PLATE

TFE FUNCTICN TO BE INTERPOLATED IS APPROXIMATELC 8Y

FIXyY) = SLME A(K)I*R{K)*%2 * LAN(R{K)*%2), K=1l,N &
+ A(N+1) + AlNE2) %X + A(N+3) %Y

WHERE R{KJI*%x2 = (x=X(K))*¥2 + (Y-Y(K))I**2, (X{(K),¥Y(K)}= INPUT
POINTS, A(K) = INTERPOLATING FUNCTICN CCEFFICIENTS. THE N+3
UNKNCWNS, A(K), ARE FOUND RY SCLVING THE LINEAP SYSTEM CF N+3
EJLATINCNS,
FIXIK)YIK)) = Z2(K
SLME A(K)y K=1,4N &
SUME A(K)IEX{K) s K=1lyN &

0
SLME A(K)*®Y(K)y K=LleN & 0

THE FYLATICN MAY Bt ANALYTICALLY DIFFERENTIATEC TC CIVE

FFI{X,Y)/DX = SUME& Z2FA(K)I*{X-X(K)I*(LMN{F(K)%*%2) + 1), K=1,AE&
+ A(N+2)

CF{XeY)/CY = SUME 2%A(K)®{Y-Y(K)IF(LN(R{K)I**2) + 1), K=]1,A&
+ A(N+3)

FCR  SITUATIONS IN WHICH SMCOTHING IS CESIRABLE, THE FINNEC
CCINSTRAINT, F{XIK),Y{K}) = Z(K), MLY BE REMCVEC ANE AN
ARTIFICIAL SPRING PLACED AT THE INPLT FCIANT, IN WHICH CASE

FIX{K)Y(K)) = SLME A(KI¥R(K)*#2HLN(R{K)})*#2)+A(K}*S(K),K=]14NE
+ AIN+L) + AIN+2)2X(K) + A(N+3)2Y(K)

WHERE S{K) IS THE RATIC OF PLATE STIFFAESS TC SPRINC STIFF-
NESS AT THE K=TH INPUT PCINT. NCTE THAT S{K)=0 IS EQUIVALENT
T0 PINNED, S(K)=1 IS APPROXINMLTELY 7C PERCENT SMCCTHING,
S(K)= INFINITF FOR ALL K WILL SIVE AFPRCXIMATELY THE LEAST
SGUARCS PLANE.

LNLESS SPECIFICALLY REQUESTEDL CTHERWISE A TRANSFCRMAT ICN ANC
SCALING CF CCORDINATES IS PERFCRMED WHICH CENTERS THE CATA
PCINTS, ROTATES TC PRINCIPLE AXES, AAND NIVIDES ThHE KESULTINC
CCORDINATES BY THE RADII OF GYRATION
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PLATEO

PLATEQ CALCULATE MCDAL DISPLACEMENTS AND OPTICNALLY SLCPES AT A SET CF
CUTPUT AERODYNAMIC CONTRCL POINTS, GIVEN AN INTVERPGLATICN INFCRMATIGN
BREAY (SP ARRAY) GENERATED IN ROUTINE PLATEI FCR A PLATE SYSTEWM

PLATEC CALCULATE THE VALLES OF THE FULACTICAS ANC THEIR CERIVATIVES AT
A SET UF CUTPUT POINTS FRCM THE GIVEN SPLINE CGEFFICIENTS FCR A SET
CF FUNCTICNS AS DETERMINED IN RCUTINE PLATEI ANC THE ASSCCIATEC INPUT
POINTS.

THE FUNCTICN TO BE INTERPCLATED IS APPRCXIMATEL BY

FIXyY) = SUME A(K)}*R(K)%x%2 * LN(R{(K)*%2), K=1,N &
+ A(N+1) + A(N+2)%X + A(N+3)*Y

WHERE R(K)I*%2 = (X=X{K})&*2 + (VY=-Y(K))*%2, (X(K)yaY{K))= INPUT
POINTSs A(K} = INTERPOLATING FUNCTION COEFFICIENTS. THE N+3
UNKNOWNS, A(K), ARE FGUND BY SCLVING THE LINFAR SYSTEM CF A+3
EQUAT ICNS,

F‘X‘K)pY'K)) = Z‘K,' K=17N

SUME& A(K)y K=1,N & = 0

SLME A(K)%®X(K)y K=

SLME A(K)I*Y(K) s K=

0
0

mo;m

1LsN
1eN
THE ECLATICN MAY BE ANALYTICALLY DIFFERENTIATEC TC GIVE

CF{XsY)/CX = SUME 2%A(K)®(X=X(K))*¥ (LN(R(K)*%2) + 13, K=1,N&E
+ A(N+2)

LF{X,Y)/LY = SULME ZEA(K)E(Y=-Y{K))®{LA(R{(K)®®2) + 1), K=1,NE
+ A(N+3)

FOF  SITLATIONS IN WHICH SMOCTHING IS DESIRABLE, THE PINNEC
CONSTRAINT, F(X(K),Y{K}) = Z{K}, MAY BE REMCVEC AND AN
ARTIFICIAL SPRING PLACEC AT THE INPLY PCINT, IN WHICH CASE

FIX(KIeY(KI) = SUME A(K)*R(K}*e2* L N(R(KI*®2)+A(K)*5(K) K=],NE&
+ A(N#L1) + AIN+2)%X(K) ¢+ A(N+3)*Y(K)

wHERE S{K) IS THE RATIO CF PLATE STIFFNESS TC SPRING STIFF-
NESS AT THE K~-TH INPUT PCINT. NOTE THAT S{K)=0 IS EQUIVALENT
TO PINNEC, S(K)}=1 IS APPRCXINMATELY 70 PEKCENT SMOCTHING,
S(K)= INFINITE FCOR ALL Kk wILL GIVE APPRCXIMATELY THE LEAST
SQUARES PLANE.

UNLESS SPECIFICALLY REQUESTED GTHERWISE A TRANSFORMATICN ANC
SCALING CF CCOROINATES [S PERFCRMED WHICH CENTERS THE CATA
POINTS, RCTATES TO PRINCIPLE AXES, AND DIVICES THE RESULTINC
COURCINATES B8Y THE RADII CF GYRATICN



PLATET

PLATET PERFOFMS A TRANSFORMATION CF CCCRDINATES FRPCM LGCAL (X,Y) 2XxIS
TO PFINCIPLE (LyV) AXIS CR FRCM PRINCIPLE (U,V) AXIS TOC LCCAL (X,Y)
AX IS

PLATET IS CALLED RY PLATEI

C ESCRIPTICN

A TRANSFORMATIIN CF COUFPDINATES FRCWK {X,Y¥Y) TC (U,Vi IFf NINC O,
(U,V) TC (XyY) IF NIND O.

Uy *1/RGU C * % COUOST SINT®* %X—XBAR¥
x5 % = ¥ L * ¥ *
BV % * 0 1/kGv%® %—SINT CCST%® %xY-YBAFR*

WHERE CCST = CCS(THETA)4 SINT = SIN(THETA), THETA IS THAT ANGLE SUCH
THAT PUV = SLMEULTI)I%VII)E/N = 0y RGUskGV = KACTIT CF GYRATICN IN (UsViy
XBAR,Y3AR = CoGao LCCATICN IN (X,Y) — ANCTE ULBAR,VBAR = 0,0

POLYI

PLLYI CENERATE THE INTERPCLATION INFORMATICN ARRAY (SA ARRAY) FCR TtHE
POLYNUMI AL METHCD UF INTERPCLATION

POLYI PERFCRM TTS TASKS IN THE FCLLCWING STEPS
(1) LDALC THE FIRST 7 WCRDSs PARAMETERS FRCM ARGUMENT LIST, INTO
THFE SA ARRAY
(2) LOAC THE POULYNOMIAL COEFFICIENTS INTC THE SA ARRAY
(3) RETURN TO CALLING RCLTINE
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POLYO

POLYL CALCULATE MCDAL DISPLACEMENTS AND OPTICAALLY SLCPES AT A SET CF
CUTPUT AERTIDYNAMIC CONTRCL POINTS, GIVEN AN INTERPCLATIGCN INFCRMATICN
ARRAY (SA ARRAY) GENERATEL IN ROUTIANE PCLYI FCR A PCLYNCMTIAL SYSTEM

POLYC PERFORMS JTS TASKS IN THE FOLLCWING STEFS
(1) INITIALIZATIGN
{A) EXTRACT CONSTANTS FRCM SA ARRAY
(B) CHECK VALUES COF PARAMETEFS [F wITHIN LIMITS
LCCP ON NUMBER CF MCDES
SET LEADING CR TRAILING COLUMNS TC ZERC IF PEQUIREC
SETUP POLYNOMIAL COEFFICIENTS FCR [TH MODE
FGR EACH PCINT COMPLTE DISPLACEMENT AND CPTICNALLY SLCPES
GG TC (2) FUGR ANCTHER MODE
RETL]N TC CALLING RCLTINE

—~ e~ -
~NO DN
- e

PRGBEG

P URPOSE

PKGBEC PRINTS A ONE PAGE HEADER CONTAINING THE NAME ANC VERSICN OF
THE PRJOGRAM BEING RUN AND THE CURRENT DATE AND TIME CF EXECUTICN.

CESCFIPTION

PRGBEGC CETERMINES THE CURFENT DATE AND TIME AND THE wRITES A
FEACER MESSAGE CN THE PRIANTED QUTPUT FILE.

PRGEND

PLFPCSE

] ] © ANL VEKRSICAN CF
PRGEND PFINTS A ONE PAGE HEADER CONTAINING THE NAME
THE PRCGRAM BEING RUN AND THE CURRENT DATE AND TIME OF EXECUTICN.

PRGENC CETERMINES THE CURRENT DATE AND TIMF ANC THE WRITES 2
ENCING MESSAGE CN THE PRINTED OUTPUT FILE.



PRINTM

PRINTM wkITES A TwC DIMENSIONAL ARKAY (MATRIEX) AND ITS ASSCCIATEL
TEXTUAL NDESCRIPTION ON THE 3CD FILE ILTFIL., NGRMALLY, IUTFIL IS THE
PEKINTEC OLTPUT FILE. THE MATRIX ELEMENTS wiILL BF PFECEDEC BY TFrE
MATRIX LABEL ANC SIZE.

NOTE - THE MATRIX MUST BF REAL (CCNTAINING FLCATING POINT ELEMENTS).

PRINTM PERFURMS TS TASK IN THE FOLLCWING STEPS
(1) INITIALIZE THE ERFCR CCDE.
() wRITF THE MATREX LABEL AND SIZE CN TUTFIL.
JUMP T2 (4) IF THE AUMBER (OF WCRODS IN LABEL IS ILLEGAL.
JUMP T (4) IF THE NMATRIX SIZE 1S ITLLEGAL.
(2) wiITE THFE MATRIX ELEMENTS CN ILTFIL BY RCwWS.
RETURN T2 CALLING PRCGRAM.

PRINTCM

P Uk PCSE

PRNTCM WS ITES A TwWwl DIMENSIONAL ARRAY (MATRIX) AND ITS ASSCCIATED
TEXTUAL CESCRIPTION ON THE BCO FILE TUTFIL. NORMALLY, IUTFIL IS ThHE
PRINTEC OULTPULT FILE., THE MATRIX ELEMENTS wlIlLL BE PREC:zDED BY ThHE
MATRIX LABEL ANE SIZE.

NOTE — THE A4ATREX MULST BE REAL (CCANTAINING FLCATING PCINTY ELEMENTS).

PENTCM PERFNRMS [TS TASK IN THF FOLLCWING STEPS
(1) INITIALIZE THE ERPCR CCOE.
(2) wWRITE ThE MATRIX LABEL AND SIZE CN [UTFIL.
JUMP TC (4) IF THE NUMBER CF wCRDS IN LAREL IS ILLEGAL.
JUMP TO (4) IF THE MATRIX SIZF IS ILLEGAL.
(1) WRITE THE MATRIX ELEMENTS ON [UuTEIL BY RCWS.
{4) RETURN TC CALLING PRCGRAM,

43



44

PUTFIT

PURPCSE

CFIGIN DESCRIPTICN

CyLIB SET UP A FILE FOR USF IN FORTRAN PPLGRAM — THE FIT,
FET, AND THE RA+2 ENTRY,

DYt I8 SET UP A FILE FOR USE IN FURTRAN PRCGRAM - THE FIT,
FET, AND THE RA+2 ENTRY.

PUTFIT
YTHAT F
CF =2

EXTRACTS THE FILE MNAME, LFN, FRCM THE FIT AND SEAPCRES FCK
[LE ~NAME IN THE RA+2 LIST, IF LFN IS IN THE LIST AN EFRCF COCE
[S RtTURNED. IF THE LIST IS ALREADY FULLL (MAX. 49) AN ERRCR

COLE OF -1 1S FETURNED. CTHERWISE, THE FILE NAME AND FIT ACCRESS ARE

PLACED

IN THE FIRST ZERO WwCRD CF THE LIST.



READTP

PUF 2 C S E

pEA.ETP REANS A TwC DIMENSIONAL ARRAY (MATRIX) FRCM A SEQUENT LAL
MAGNETIC FILE. THE INFURMATION IS OBTAINED IN TWC LCGICAL RECCRECS
wITH FCRTRAN BINARY READ STATEMYENTS.

’

REACTP PERFOSMS [TS TASK IN THE FOLLCWING STEPS,

(1) INITIALIZE THE ERRCR CG)E AND CHECK THE INPUT ARGUMENTS FOR
ERRMRS .
JUMP TC (S) IF THERE ARE ERRCRS.

(2) POSITION THE FILE AS REQUIRED AFTErR CFHECKING THE SPACINC
PARAMETERS FCR ERKNRS.
JUMP T2 (5) IF SPACING PARAMETEKS ARE I[LLEGAL.
JUMP TQ (5) IF SPACING OF FILES CR MATRICES FAILS.

(2) REAMC THE FIRST RECCKD.
IT WwILL CCNTAIN

WIRO
1 NAME
2 NRGwS
2 NCCOLS
4 C
5 ITYPE
& NELEM
7-1C C

11-1¢ CPTIONAL LSER DATA PASSED THRCUGH THE FIRST RECCRC IF
STOXKED IN WCRDS 1-5 OF THE AULXILIAFY IC GIVEN TC WRYETP
WHEN THE MATRIX WAS WRITTEN CAYC IFILE.

JUMP TO (5) IF AN ENO~-CF-FILE WAS REAC.

JUMP TC (5) 1F THE NAME DOES NCT MATCH ThHE SPECIFIEC CNE.

JUMP TU (5) IF NKOWS 4GT. NROWD.

(4) RKEAC THE SECCND KECCRD.

IF ITYPE=¢HM=NULL, ThE SECCND RECLPU IS PEAC BUT NCY STCFEC
AND MATRIX IS FILLEC wITH ZERCS.

IF [TYPE=6HSPARSE, THRE SFCCLND RECCRD CF NWCRN IS REAL INTG THE
BLFFER ARKAY RUFF. THEN, EVErY ELEMENT WHICH
1S AN INTEGFR IS REPLACEC By THAY ANUMBRER OF
JERQS. FINALLY, THE ARRPAY ELEMENTS AFRE
EXTRACTEN FRCYM 3UFF AND TRANSPASEC INTO THE
CLTPUT ARKAY MATRIX.

[F ITYPL=0, THE SECCND RFCCRD IS READ DIRECTLY INTO
MATRIX BY RCwS.

JUMP TC (5) IF AN END-CF-FILE hAS PEAC.

{5) RETURN
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REFPT

P UFRPLCSE

6 : FINITION CF & MCTION AXIS SEGMENT,
ANT EITHEX A MAPPING POINT, (XMsYM), OR THE SLCPE CF A REFERENCE LINE,
CYCARL, CETEKMINE THE REFERENCE PCINT DEFINEC TO BE THE INTERSECTICN

CF THE REFFRENCE LINE THRCLGH (X,Y) ANC THE MOTICN AXIS.

SuPEE L OR kK G UTINES

MAATTCR - DETERMINE MOTION AXIS REFERENCE PCINT IANFCRMATION

C v sceR 1P 710N
THE FQUATINN OF THE REFERENCE LINE IS DETERMINED FFCM (X,Y) ANC
(XM,YM) OR (X,Y) AND SLCPE DYJIXRL 1F THE MAPPING PCIANT IS INREFINITE.
SOLVINC
CC ¢ Cl¥YR + C2%YR*%2 + (3%YR&*]3
-DX®(YR-Y) + X

XR
xR

CIVES
CCM + CIMEkYR + C2*YR%*¥?2 + C3%YR*%3 = (

vHICH FAS THREF, TwO, OR CANE RGCTS DEPENDENT UPCN €3 ANC C2. THE FCCT
(N THE INTERVAL (YMALl,YMA2) IS SELECTED, AND xR CALCULATED FRCM THE
CusicC. IF N3 RCOT FALLS IN THE INTERVAL, THE CLCSEST ENODPCINT

IS ULSEC, LANLESS YMAl=YMA2 AND (3=C2=0 (l.E. EXTRAPCLATION), IN WHICH
CASE THE SINGLE FOCT IS ACCEPTED.

RETURNF

KETUFNF ALLOWS A FCRTRAN PRCGRAM TC ELIMINATE A TEMPORARY STCKAGE
FILE. TFHE FILE NAME WwILL NO LONGER EXISY AND THE DISK SPACE wllLi BE

FELEASEC FOOR CTRER USE.

FETUARNF CHECKS T SEE THAT THE FILE NAME [S LEGAL ANC TEHEN CALLS
EVICT 79 ACCOMPLISH ITS PURPOSE.



RQL/IRQL

kul. IS CALLED TJ SHIFT THE BITS CF WCRD ANBITS PCSITICONS.

ThE SKHIFT IS LEFT CIRCULAR [F NBITS IS PCSITVIVE.

THE SHIFT IS TC THE RIGHT WITH SIGN EXTENSICN AND END CFF IF NBITS
IS NECATIVE.

NGTE «.eTHE RESULTS ARE UNCEFINED IF NBITS IS NCYT BETWEEN O ANC 60.

A SECGNC ENTRY PCINT, [RGQLs IS FRCVICEC TC ALLOW EITHER REAL
OR INTEGER MODE IN ARITHMETIC STATEMENTS.

IRLL FEFFCRMS ITS TASK BY CALLING SHIFT,

SEARCH

PuURPULU SE

5 BRINARY SEARCK IS PERFGRMED GN A MUNCTCNICALLY CRCEREL ARFAY X TC
FIND NO PCINTS THAT CENTER AROUND Z.
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STARTR

STARTR MLST BE CALLED BEFCRE ANY CTHER VARCIM RDOUTINES IT CREATES TFE
ARRAY CATALOGUE, SETS THE MAXIMUM NUMBER OF ARRAYS, AND DETERMINES
THE MAXIMULM ARRAY STCRAGE AVAILABLE.,

iE¥%%%% TiE VARCIM VARIABLE DIMEANSICN STORAGE SCHEME #*eskX%sddkxikxkxs

VARDIM 1S A SET CF 5 SULBROUTINES WHICH HANDLES THE STCKAGE
CF ARRAYS CEFINED DURING PRCGRAM EXECUTION, I.E VARIABLE
CIMENSICNING OR DYNAMIC CQORE ALLCCATION.

VARDIM LSES BLANK COMMON FCR ALL ARRAY STORAGE. THIS METHGD
IS POSSIBLE ON THE CDC 660C wHICH PLACES BLANK COMMCN AT THE
ENC DF ALL OTHER PROGRAM STCRAGE. THE USER MUST REQUEST
ENQUCH FIELD LENGTH TO PRCVIDE SUFFICIENT ARRAY STCRACE
BETWEEN THE BEGINNING OF BLANK CCMMCN ANC THE ENC OF FIS
FIELD LENGTH.

————w——— GEFNEKAL CCOMMENTS

1) ARKAY STORAGE MAY BE VARIABLE WITHIN A SINGLE PRCGRAM RUN AS
WELL AS BETWEEN RLAS. ARRAYS MAY BE DEFINED OR DELETEC AT
ANY TIME. IT IS NCT NECFESSARY TO DEFINE THEM ALL AT TFE
BEGINNING CF THE PROGRAM,

2) EACH ARRAY wILL BFE IDENTIFIED oY A SIX CHARACTER HCLLERITH
NAME (LEFT JUSTIFIED AND SLANK FILLED), MAY HAVE FRCM CNE TO
THREE DIMENSIONS, AND MAY BE TYPED REAL CR INTEGER. THE TYPE
IS CRITICAL ONLY IF THE SUBRCUTIAE PRINTR WILL BE CALLEC (SEE
PRINTR FOR USE CF VARIABLE [NTKEL).

3) NEwLY DEFINED ARRAYS «#ILL BE NULL.

4) THE ARRAY STORAGE IS ALWAYS CCMPACTEC YC USE THE FIRST WCRDS
OF SLANK COMMON. A NEWLY DEFTNED ARRAY IS ALWAYS LCCATED
AFTER PRE-EXISTING ARRAYS. [F ARRAY [ IS DELETED THEN ARRAYS
I+1 THROUGH N WILL BE MCVED FCRWARD TC PCSITICNS I THRU N-1.

S)  wWHEN ANY VARDIM RCULTINE IS CALLEC IT MAKES CHECKS TC SEE THAT
A) ODUPLICATE ARRAY NAMES ARE NCT DEFINED

8) ILLEGAL DIMENSIONS ARE NCT SPECIFIEC (.LELO IS ILLEGAL)
C) THE AKRAY CATLCGUE HAS NOT BEEN EXCEEDED

C? THE AVAILABLE CORE HAS NCT BEEN EXCEECEC



STARTR (Continued)

THE BOCKKEEPING PERFORMED BY VARDIM IS STCRED IN A CATALCCUE
ARRAY, KATLOG, AND THE LABELED COMMCN BLCCK /VARDIM/.

€1

1)

8)

9

THE VARDIM ARRAY CATALOG, KATLCG, IS ITSELF AN ARRAY IN

VARDIM STCRAGE WITH THE DIMENSIONS (6,NMAX,1). EACH ARRAY

WILL HAVE A SIX WCRD ENTRY IN KATLCG (I.E. ONE CCOLUMN).

THE SIX WORDS CONTAIN

A) NAME - 6 HCLLERITH CHARACTERS (LEFY JUSTIFIEL ANC
BLANK FILLED)

B) LOCATICN — FIRST wWORD ADDRESS COF THE ARRAY IN BLANK CCMMCN

C) TYPE ~ 0 FCOR INTEGEF AND 1 FCR REAL

C) FIRST OIMENSICN OF THE ARRAY

E) SECCND DINENSICN COF THE ARRAY

F) THIRO CIMENSION OF THE ARRAY

ALL VARDIM ROUTINES EXCEPT XFER CONTAIN THE LABELELC CCMMGA
BLOCK /VARDIM/ wHICH HAS THE BCOKKEEPING VARIABLES

A) NMAX - MAXIMUM NUMBER GF ARRAY PCSSIBLE CN THIS PRCGRAM
RUN (DEFINED WHEN SUBRCUTINE STARTR IS CALLED)

B) NENTRY ~ NUMBER OF ARRAYS CURRENTLY CEFINED

C) LwAvaAL ~ LAST WCRD AVAILABLE IN BLANK CCMMON

C) LWUSED — LAST wWORD CURRENTLY IN USE IN BLANK CCMMCN

E) LKAT — FIRST WORD ADDRESS OF KATLOG IN BLANK (CMMON

F) MAXUSD — MAXIMUM CORE ADDRESS EVER USED B8Y VARDIWV
STORAGE.

ALL VARDIM ROLTINES EXCEPT XFER CCNTAIN THE BLANK CCMMCN
CEFINITION

CCMMCN D(1)

DIMENSION ID(1), KATLOG(641)

EQUIVALENCE (C,1D+KATLGG)

AS OF NOV. 16y 1972y THE VARDIM RCLTINES REQUIRE LESS THAN
2200 (CCTAL) wORDS OF CORE EXCLUSIVE CF BLANK COMMCN,
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STARTR (Concluded)

—————— SHORT CESCRIPTIONS OF ALL VARDIM SULBRCUTINES

STARTR
STARTR IS CALLEC TC INITIALIZE THE VARCIM STCRAGE SCHEME.

STARTR MUST BE CALLED BEFORE ANY OTHER VARODIM ROUTINE. IT
CREATES THE ARRAY CATALOGUE, SETS THE MAXIMUM NUMBER CF
ARRAYS, AND DETERNINES THE MAXIMUM ARRAY STORAGE AVAILABLE.

INITIR
INITIR IS CALLEC TC INITIALIZE (DEFINE) A NEW ARRAY., IT MUST

EE CALLED BEFORE ANY OTHER VARDIM RCUTINE REFERS TO THE ARRAY.
INITIR ALLOCATES THE ARRAY STORAGE, ZERCS THE AREA, ANC MAKES
AN ENTRY IN THE ARRAY CATALOGUE. [IF THE ARRAY BEING CEFINED
ALREADY EXISTS, THE ELEMENTS ARE SIMPLY SET TG Z2ERC IF TtHE
CIMENSIONS ARE TO REMAIN THE SAME, [F THE ARRAY SIZE IS TC

EE CHANGED THE CLD ARRAY IS DELETED AND A NEwW ONE CEFINEC.

CELETR
CFLETR IS CALLED TC DELETE CR ELIMINATE AN ARRAY FR(M
VARDIM STORAGE. THE ARFAYS ENTRY IN THE CATALCGUE WwILL
CISAPPEAR AND BOTH THE CATALOGUE ANC ARRAY STCRAGE wilLlL BE

CCMPRESSFD.

LCCATR
LCCATR IS CALLED T1Q DETERMINE AN ARRAYS SIZE, TYPE. ANC

LOCATION. LOCATR SHOULD BE CALLED JUST PRIOR TO HANCLING
THE ARRAY BECAUSE ITS LOCATION CHANGES AS ARRAYS ARE CFELETED
ANC ADDED TO VARDIV.

XFER
XFER IS A HIDDEN RCUTINE IN THE VARCIN STCRAGE SCHEME.

RCUTINE DELETR wllLL EXECUTE XFER TC QUICKLY MCVE BLCCKS OF
CCRE .



TBLUL

PEFFLRM TABLE SEARCH ANC LAGRANGIAN PCLYNCMIAL INTEFRPGLATICAN CF
USER-CEFINED DEGREE ON ONE INJDEPENDENT VARTAHBLE.

TBLUL USES A HBINARY SEARCH TECHNIQUE TC LCCATE THE PRCPER PCSITICN IN
A TABLE AND THEN USES A LAGRANGIAN INTFRPOLATING POLYNIJIMIAL OF USER-
CEFINEC CECREE

TERP1

PUKRPCSE

PCLYNCMIAL INTERPCLATION FOR {INE INDEPENDENT VARIABLE

A LAGRANCIAN INTERPOLATING POLYNCMIAL IS EVALUATED AT THE SPECIFIED
VALUES CF THE VARIABLE TC GET THE DESIRELC ANSWER TERPL WHICH CCMES
FROM SUM (FOR J = I THRQUGH ND+1) CF THE PRCDUCTS (FOR K = 1
THROUGH NC+l 4 BUT NOT FOR K = J) FCR THE FXPRESSICN
(Z-XTKY =Y ()7 (XL =-%XUK))
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VIP

CALCLLATE REAL VECTCR INNEK PRUDULCT USING SIANGLE FRECISICN INTERNALLY.

VIPA

CALCULLATE L = C + A%x8 WHERE A AND B ARE REAL VECTCRS

CALCULATE REAL VECTOR INNER PRUDLLT USING SINGLE PRECISION INTERNALLY.
ACC THE RESULT 7O THE INCCMING VALLE CF C.

VIPD

CALCULATE C = A*B WHERE A ANC B ARE REAL VECTCRS.

CALCULATE REAL VECTQOR INNER PRODUCT USING DCUBLE PFECISICN INTERNALLY.
FOUND THE RESULT TC SINGLE PRECISICN.

VIPDA

CALCULATE C = C + A%B WHERE A AND B ARE FEAL VECTGRS
rFSC®R I PTICN
CALCULATE REAL VECTOR INNER PRODUCT USING DCUBLE PKECISICN INTERNALLY.

SOUNC ThE RESULT TC SINGLE PRECISICN.
ADC THE RESULT TO THE INCCMING VALUE CF C.



VIPDS

CALCULATE C = C - A*8 WHERE A ANC B8 ARE REAL VECTORS,

CAL CULATE REAL VECTOR INNER PRODUCT USING DCUBLE PRECISICN INTEFNALLY.
ROUNC THE RESULT TC SINGLE PRECISICN.
SUBTRACT THE RESLLT FROUM THE INCCMIANG VALUE CF C.

VIPS

P UFR PO SE

CALCULATE C = C — A*B WHERPE A AND B ARE FEAL VECTORS.

CALCULATF REAL VECTCR INNER PRCDUCT USING SINGLE PRECISICN INTERNALLY,
SUBTKACT THE RESULT FPNM THE INCCMING VALUE CF C.

VMIN

P UF PCSE

YO FINC THE MININMULM VALUE CF AN ARRAY AND INCICATE TrE
ELEMENT NUMBER OF THE MINIMUM VALUE

VMIN RETURNS XMIN = MIN ( X{NSTART)s X(MN) )
ALCNG wITE THE INDEX Ky K MEASURED FROM 1 ,
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WRTETP

WRTETP WRITES A TwWC DIMENSIONAL ARRAY (MATRIX) CN A SEQUENTIAL
MAGNETIC FILF. THE INFORFATION IS WRITTEN IN TwC LGGICAL RECCRCS
wITE FORTRAN BINARY WRITE STATEMENTS.

WRTETP PERFOKMS ITS TASK IN THE FCLLCWING STEPS

(1) INTTTIALIZE VHE ERRCR CODE AND CHECK THE INPUT SIZES FCF ERRCRS.
JUMP TO (5) IF SITZES ARE TLLEGAL.

(2) POSITION THE FILE AS REQUIRED AFTER CHECKING THE SPACING
PARAMETERS FCR ERRORS.
JUMP TG (S5) IF SPACING PARAMETERS ARE ILLEGAL.
JUuMp TO (S) IF SPACING OF FILES CR MATRICES FAILS.

{2) WRITE THE FIRSY RECCRD ONTO THE MAGNETIC FILF,
IT wIlLt CONTAIN

WOk D

1  NAME

2 NRQOWS

3 NCCLS

4 C

5 ¢

6 NELEM= NROWS * NCOLS
7-1C C

11-1¢ AUXID(I)y I=1,5
(4) wRITE THE SECCND RECCRD ONTO THE MAGNETIC FILE.
IT wILL CCNTAIN
((MATRIX(I sJ)y J=1oNCCLS}y I=1,MRCWS) THE MATRIX BY POWS

(S) RETURN TC CALLING PRCGRAM

XFER

SUBKOLTINE XFER SIMPLY WILL MOVE THE FIRSTY L IATEGEF VALUES CF Iy INTO
[Xe



XPAND2Z

P URPDO S E

XPANCZ IS CALLEC TQO EXPAND AN ARRAY BUF OF LENGTH NWAROS TGO TtHE
LENGTH MELEM BY REPLACING ALL INTEGER ELEMENTS WITH THAT INTEGER
NUMBER OF ZEROS.

SUPERTIOR ROUTINES

DESCRIPTION

READTP DYLIB READ A MATRIX FROM A FILE (2 RECORDS).

DESCRIPTTIYEON

e o i e it e

XPANDZ EXPANDS THE ARRAY BUFF ELEMENT BY ELEMENT FRCM THE BCTTCM,
EACH ELEMENT IS CHECKED T0 SEE IF [T IS AN INTEGER. [IF IT 1S NOT
AN INTEGER IT IS SIMPLY STORED. IF IT IS AN INVTEGER THAT ANUMBER CF
CONSECUTIVE INTEGERS 1S STCRED. THE OPERATICN STCPS WHEN THE INPUT
AND QUTPLY POINTERS (1A AND 18) ARE ECQUAL.

ZEROCOL

PURPOSE

e o e e

ZERQCOL INITIALIZE COLUMNS NF=NL TC ZERC FCR M RCOWS

SuUPERTIDOR ROUTINES

ZEROCOL IS CALLED 8Y BEAMC, MOTAXCs MCTPTOs AND PLATEQ

CESCRIPTION

ZERCCOL INITIALIZE Z ONLY Z AND DZ1 CR Z, DZl, AND DZ2 CCLUFNS TO
ZERC CEPENDING ON INDD INDICATOR.
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